Abstract. Recently catalogued data have been used for depicting the cratering history of the Earth more reliably than it was done hitherto. The galactovertical oscillation of the Sun is adjusted to the geological and cratering history. The semi-oscillation period is estimated to be close to 37 Myr. An alternative estimate is about 30 Myr.
Introduction
In our previous papers (Eelsalu, , 1988 (Eelsalu, and 1990 dealing with the galactovertical oscillation of the Sun as revealed by the cratering history, the general catalogue of cratering events (Dabizha and Zotkin, 1980) was the main data source. That catalogue has now been superceded by the Feldman (1987) catalogue. While the former included 114 terrestrial craters, the latter lists 122 of them. Both radiochemical datings and geological limiting ages are indicated there. Unfortunately, many objects still remain without a radiochemical dating, while geological estimates are mostly very rough. Below we try to revise our earlier results on the basis of the Feldman's catalogue. Our concept is to use only the most powerful cratering events. Fig. 1 shows the cratering history according to Feldman (1987) with a few modifications explained below. The craters with diameters less than 10 km are indicated by asterisks, while the larger craters are shown by circles proportional to their diameters. We have not used datings with standard errors exceeding ±5 Myr. In the case, where the indicated standard error amounts to at least ±5 Myr, the corresponding horizontal dashes indicate its range. The craters with diameters inferior to 1 km have been left aside altogether. Since they all correspond almost to the zero point of our scale, they cannot influence the depiction of the large-scale cratering history. The following craters were used: Nos: 98, 117, 18, 6, 14, 75, 82, 27, 109 + 120, 65, 61, 47, 20, 15 + 25, 101, 86, 59, 104, 3, 90, 111, 43, 107, 89, 116, 105, 114, 95, 93, 42, 122 . The numbers are from the Feldman's catalogue and the craters are ordered here according to their ages. Conversion of ages into the time scale has been made by means of the table attached to the recent manual "Scale of Geological Time", Mir Publ. House, Moscow, 1985. The geological scale in Fig. 1 is taken from the same source. The geologically dated craters are indicated by arrows. Their catalogue numbers are 83, 88, 108, 84, 105 and 32. Datings from other sources were accepted for craters 96 (Kamenskij), 87 (Vepriai), 100 (Kardla) and 103 (Mizarai). Those sources were quoted earlier (Eelsalu, 1990) . Fig. 1 shows .that the extremely big craters (with diameters at least 40 or 50 km) tend to appear simultaneously with transitions from one geological period to another. This is the case with the transition from Devonian to Carbonacerous, from Triassic to Juran and from Cretaceous to Tertiary. However, the last major cratering took place at the transition from the Eocenic to the Oligocenic epoch, which is a lower-order event in the classification of geological changes. Six transitions, namely Cambrian-Ordovician-SilurianDevonian, Carbonacerous-Permian-Triassic and Juran-Cretaceous, have so far remained without a cratering counterpart. Nevertheless, future discoveries axe not excluded. For example, three already known very big Palaeozoic or Mesozoic craters, Nos. 36 (Carswell), 69 (Araguainha) and 78 (Lukanga), remain to be dated. It is interesting to mention that already Opik (1973) had come to the conclusion that "collisional catastrophes may have played an important role in interrupting biological evolution in addition to the global ice ages". It is commonly accepted from astronomical considerations that the galactovertical semi-oscillation of the Sun is expected to remain between approximately 30 and 40 Myr. Therefore, catastrophic events triggered off either by passing stars or interstellar clouds are expected to show the same periodicity since galactic matter is strongly concentrated to the galactic symmetry plane. If we assume that changes from one geological period to the next are caused by cratering impacts, the oscillation period of the Sun could be estimated from these. However, such an estimate would be uncertain because almost half of these periods are so long that they probably have lasted over two semi-oscillations. The duration of the Silurian, Devonian, Permian and Triassic are compatible with a single semi-oscillation, while the duration of the rest, i.e. V, C-, 0, C, J, K and Tertiary would be compatible with two semi-oscillations. Two of these, C and K, have been geologically divided into half-periods, respectively, Ci and C2, and Ki and K2. On the other hand, the division of 0 and J into three sub-periods is incompatible with the concept under consideration here. We consider this discrepancy as an eventual challenge to geologists. In order to produce a rough estimate for the semioscillation of the Sun, we have chosen four definite reference points on the time scale, notably the beginning of the Palaeozoic era (the V-C-boundary), the D-C boundary, the T-J boundary and the K2-Tertiary boundary (the end of the Mesozoic era). According to the accepted time-table, these transitions occurred, resp., 590, 360, 213 and 65 Myr ago. As pointed out above, three latest of these are documented by the cratering history. The latter has recently been confirmed as a collisional catastrophe by traces of a global fire (Wolbach et al., 1988) . On the other hand, 65 Myr is the estimated age of the expanding Gould Belt attributed to a supernova explosion (Petit, 1987) . The question arises if the shock wave of the explosion can critically perturb the orbits of bodies capable of producing cratering events.
Cratering history in the time scale
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Discussion
In agreement with our concept, the number of semi-oscillations between the V-C and D-C boundaries should be equal to six, between the D-C and T-J boundaries to four, and between the T-J and K2-Tertiary boundaries also to four. The time span between these transitions is 230, 147 and 148 Myr, respectively. After dividing these time intervals to 6, 4, and 4, respectively, we obtain 38.3, 36.8 and 37.0 Myr as estimates to the semi-oscillation period of the Sun. We adopt 37.5 Myr as the mean result. The semi-oscillation 37.5 Myr is not in good agreement with the assumption that at the present epoch the Sun is crossing the galactic symmetry plane since the important K2-Tertiary boundary is only 65 or so Myr away from the present time, not 2 x 37.5 Myr as expected under that assumption. However, observational data tend to show that the Sun has already moved by a score of parsecs to the north of that plane. Therefore, the adopted estimate to the oscillation period is to be considered as the upper limit. The available data are too scarce to remove sources of ambiguity. In particular, the above time spans of 230, 147 and 148 Myr can formally be interpreted in terms not only of 6, 4, and 4 but also in terms of 7, 5 and 5 semi-oscillations. In the latter case the estimated semi-oscillations would turn out to be 32.9, 29.4 and 29.4 Myr, respectively. The higher oscillation value gives much better interagreement between the major cratering events at the D-C boundary, the T-J boundary, the K2-Tertiary boundary and the Eocene-Oligocene boundary together with the hypothetical event at the C-V boundary, as well as with the rest of geological boundaries, while the alternative smaller estimate seems to yield good agreement with the general cratering history. While the bigger craters are centered at the geological boundaries, the datings of the smaller craters discarded in the above reasoning, show some obvious regularities, too. Notably the 11 smaller craters, situated beyond the I-T boundary, can be spaced along the following Myr intervals: 34 (= 15 + 19), 36, 74 (= 37 x 2), 37 (^18 + 19), 23, 35, 35, 40, 195 (= 39 x 5) . Within the uncertainties mclating of these extremely old craters (astroblemes), the agreement with the 37 Myr pattern is acceptable. As some authors have pointed out earlier (quoted by Eelsalu, 1990) , the data are still too scarce for a reliable formal periodogrammic analysis over the whole cratering history.
Conclusions
Improved data about the cratering history combined with the Earth's geological history lead to the conclusion that our earlier estimates of the semi-oscillation period of the Sun may have been overestimated at least by several megayears. The available data, however, leave room for two alternative interpretations. For the time being, preference should be given to the higher value, which avoids, in particular, the introduction of a hypothetical local missing mass.
